Z. NAGAO The movement of the tentacle is very slow. Below the tentacle, the stem is covered with a very thin membranous sheath. One medusa bud is borne at the base of the hydroid at a time from April to July. In the laboratory, twenty to thirty days after its appearance young medusa is liberated from the hydroid at water temperature of 11 o -12 °C. Neither a planula-like bud nor a frustule was produced from the stem during the rearing of colonies. The hydroid is milky white or yellowish grey in color. 
Metamorphosis of the Medusa

1) Young Medusae Newly Liberated:
In the laboratory, four young medusae were liberated from the hydroids in July 1965. In 1966 one medusa in June, eight ones in July and seven in early August were set free from the hydroids.
The description of the newly liberated medusae in the previous paper is here repeated for the comparison with the later metamorphosis. When just liberated from the hydroid (Figs. 3, 4) , the umbrella is bell-shaped, about as high as wide or slightly wider than high, 0.7-1.0 mm high and about 1.0 mm wide. Frequently the apical part of the umbrella is projected slightly. The jelly is moderately thick and the nematocysts are scattered over the exumbrellar surface. The stomach is funnelor bowl-shaped, 1/5-1/6 the height of the subumbrellar cavity and sometimes the mouth part is protruded. Radial canals are broad, increasing slightly the width toward the ring canal which is fairly broad, too. There are 4 perradial, 4 interradial and 8 adradial marginal tentacles. Of these, the perradial and the interradial tentacles are older and longer than the adradial ones which are directed centripetally. All tentacles arise directly from the umbrellar margin. Any indications of centripetal canals, characteristic of adult medusae, are not yet seen. Each tentacle has one nematocyst cluster only at the terminal end. There are four marginal vesicles, each with a concretion. When viewed the umbrellar margin from the oral side and numbered the tentacles in a clockwise order the marginal vesicles are located, each between the first adradial tentacle and the interradial one in each quadrant (Fig. 4) . The adradial tentacles in octants including the marginal vesicle are slightly dislocated from the precise adradii towards the perradii, while those in octants without the marginal vesicle are dislocated slightly towards the inerradii. The velum is wide. The subumbrellar surface, the stomach, the radial and ring canals and the tentacles are pale yellow or yellowish grey in color. The young medusae are fairly active, swimming intermittently.
2) Development of Tentacles and Marginal Vesicles: The observations on the z. NAGAO metamorphosis of the medusa were made mostly on the specimens obtained by surface tows.
As described above the newly liberated medusae have already four cycles of marginal tentacles: 4 perradial, 4 interradial and 4+4 adradial tentacles. In the successive stages, the marginal tentacles increase one by one in each quadrant keeping the same order in both octants and maintaining the cyclic symmetry with the interradius as the center, as shown in Fig. 5 . Thus, the total number of tentacles at each cycle is as follows: 16(IV), 20(V), 24(VI), 28(VII), 32(VIII), 36(IX), 40(X), 44(XI), .... The sequence, however, gradually becomes irregular after the 13th tentacle's stage (52 tentacles in total). There are often found some deviation from the normal sequence such as reversal of the normal order and isochronous development in successive tentacles. After the 20th tentacle's stage (80 tentacles in total) the sequence becomes very irregular. In fully grown medusae 22-40 tentacles are counted in each quadrant. The marginal vesicles increase with age also one by one in each quadrant in the same order of cyclic symmetry as in tentacles till the sixth marginal vesicle appears, as shown in Fig. 5 . When the young medusae are liberated from the hydroid the first marginal vesicles are already seen as described above; however, the successive development of vesicles is very slow and lags far behind that of the tentacles till about the 20th tentacle's stage. The second vesicle develops at the 6-8th tentacle's stage and the third one appears at the 10-13th tentacle's stage. The fourth and the successive vesicles develop after the 16th tentacle's stage. And at the 20th tentacle's stage the medusae have 10 to 14 marginal vesicles in each quadrant. After the 20th tentacle's stage the marginal vesicles increase quickly in number, and gradually become located nearly alternately with tentacles.
In the following sections the developmental changes will be described in relation to the sequence of the development of tentacles described above.
3) Umbrella: The umbrella increases rapidly in size with age, and gradually becomes flattened. When fully grown it attains 14-16 mm high and 22-26 mm in diameter. The ratio between the height and the width of the umbrella is about 1 : 1 till about the 8th tentacle's stage. It comes to 1 : 1.2 at the lOth tentacle's stage, then changes to 1 : 1.3-1.4 at the 13th tentacle's stage. After the 18th tentacle's stage the umbrella assumes an adult form with the ratio nearly 1 : 1.5 in specimens preserved in 4% formaldehyde in sea water. The umbrella of living medusae is flatter than in preserved specimens.
The exumbrellar nematocysts are most conspicuous in the newly liberated medusae, and clearly visible till the 8th tentacle's stage. After then they gradually become indistinct, and disappear completely at the 18-20th tentacle's stage. 4) Manubrium: The stomach and the mouth of the newly liberated medusae are simple as described above. The manubrium at this stage is very short, 1/5-1/6 the height of the subumbrellar cavity. The lower part of the stomach begins to assume a four-sided tubular shape about at the 8th tentacle's stage, then the lip margin begins to thicken at the lOth tentacle's stage. The developmental changes of the shape of the manubrium are shown in Fig. 6 Aa-Ad. At the 15-16th tentacle's stage the surface of the lip begins to become crenulate and the small spherical nematocyst knobs appear in a row along the lip margin (Fig. 6 Be). The manubrium attains about half the height of the subumbrellar cavity. At the 18th tentacle's stage these nematocyst knobs have been well developed and perradial corners of the lip begin to spread outwards. The manubrium occupies about 2/3 the height of the subumbrellar cavity at this stage. The lip margin begins to undulate, so that the oral view of the mouth becomes very uneven in the fully grown medusae. 5) Gonad: The first sign of gonadal rudiments appears as a translucent zone at the proximal end of the radial canals about at the lOth tentacle's stage. The rudiments gradually extend along the radial canals, and attain about 1/3 the length of the latter at about the 13th tentacle's stage. The young gonad becomes thickened slightly at its distal half at about the 15th tentacle's stage. At the 18th tentacle's stage about 2/3 of the length of the radial canal is covered with the young gonad which begins to hang down along the axis of the radial canal, assuming gradually a ribbon-like shape as shown in Fig. 6 Cd. From the 18th to the 20th tentacle's stage the gonad develops quickly and the ribbon-like gonad becomes furnished with 3-6 pleats. In fully grown mature medusae the gonads occupy nearly the whole length of the radial canals, and with 4-8 folds.
,. The tentacles of the newly liberated medusae arise directly from the umbrellar margin, without any tentacle bulbs and each having only one nematocyst cluster at its terminal end. At the 8th tentacle's stage the proximal end of perradial and interradial tentacles becomes slightly swollen. The proximal end of these tentacles is then shifted slightly from the umbrellar margin. The second nematocyst cluster appears slightly proximally to the middle of tentacles. At the lOth tentacle's stage the third cluster develops usually proximally to the second one on the old tentacles (Fig. 6 Da). MACKIE and MACKIE (1963) also pointed out on a specimen from Friday Harbor, that the terminal part of the young tentacles remained free of nematocysts. The middle groove of the tentacle bulbs begins to appear at this stage in the old tentacles (Fig. 6 Db), while young tentacles successive to the 5th tentacles still arise directly from the umbrellar margin. At the 13th tentacle's stage the basal end of the old tentacles begins to run upwardly and then the shaft issues at some distance above the umbrellar margin. The nematocyst clusters of the perradial and interradial tentacles increase in number to 6-11. At the 18th tentacle's stage the tentacle bulb of the old tentacles is divided wholly by the developing peroneal groove into two lateral parts each assuming a spindle shape and thus the characteristic tentacle bulb has been almost completed. The basal shaft of the tentacles runs centripetally, and then issues freely from the exumbrellar surface at some distance above the umbrellar margin. The characteristic centripetal canals have been developed between the umbrellar margin and this issuing point, the inner side of the centripetal canal being embedded in the exumbrellar jelly. The nematocyst clusters of the old tentacles come to assume a ring shape, presumably due to the thickening of the tentacles. At the 20th tentacle's stage the nematocyst rings have increased up to about 40 on the old tentacles and are distributed almost over the whole shaft. There are observed various developmental steps of the tentacle bulbs at this stage.
Growth and Seasonal Occurrence
The young medusae newly liberated are 0.7-1.0 mm high and about 1.0 mm wide. The height and the diameter of the umbrella increase rapidly with age. The growth rate during the 15th to the 25th tentacle's stage when the gonad develops rapidly is very high. The average values of the umbrellar diameter of the successive tentacle's stages draw nearly a S-shaped curve. The biggest medusa obtained in the Akkeshi Bay was 16.5 mm high and 26.5 mm wide in the 23th tentacle's stage.
In 1965-1967, the hydroids with medusa buds were found from late April to late July. The young medusae recently liberated appeared in early May, and were continuously found till late July. From late May to June the young medusae in the 8-13th tentacle's stages began to appear successively and many medusae in various developmental stages were found from late July to late August. The fully grown mature medusae began to appear in August, and were found continuously till October. After late October the spent medusae with damaged tentacles increased and almost all died out in middle November. At the end of April, 1966, the water temperature in the bay was 2.5°-7.ooc (average 4.9°C), and gradually rose to 13°-l9.5°C (average 17.0°C) in late August, and then gradually fell to 11.0°-6.ooc (average 8.4°C) in November.
Z. NAGAO
The Spawning and the Eggs: On 14 September 1966 and on 5 September 1967 many mature medusae were obtained, and were kept in glass vessels. In the next morning, respectively, many eggs had been laid, attached to the bottom of vessels. Each egg was covered with a transparent capsule-like membrane. The embryonic development proceeded within the membranous envelope. The eggs were 60-75 11 in diameter and the capsule-like membranous envelopes were 110-125 11 in diameter. Unfortunately, the embryonic development after some cleavages was disturbed by infection of some protozoans.
Nematocysts
The nematocysts (Figs. 7-15 ) of the hydroids and the young and adult medusae show different constitutions respectively as shown in Table 1 . MACKIE and MACKIE (1963) reported two kinds of nematocysts: micro basic euryteles and heterotriches 
Hydroid
Young medusa 7-9 x 3.5-5
Adult medusa 7-10.5 X 3.5-4.5
Heteronemes
Microbasic euryteles ---~ ll-13.5x6-7 10.5-13 X 6-8 (Tentacles) 13.5-16 X 6.5-8 (Lips) 9-10X5-6
Macrobasic euryteles 14-20 X 11-14 (Only exumbrella)
based on their examination of a medusan specimen. The size of the nematocysts of their specimen is bigger than that of the present specimens. The isorhizes of the present specimens correspond to the heterotriches by MACKIE and MACKIE. The young medusae shortly after liberation have macrobasic euryteles on their exumbrella. This kind of nematocysts were also found on the exumbrella of the young medusae of Gonionemus vertens, Gonionemus sp. and Scolionema suvaense by WERNER (1965), and of Gonion emus oshoro by the author (1969b ). It seems that the existence of the macrobasic euryteles on the young medusan exumbrella is a common characteristic in the family Olindiadidae. On the one hand, the members of the genus Proboscidactyla have macrobasic euryteles throughout their life (HAND, 1954) . It is probable that the fact that the macro basic euryteles are found in nedusae of both families the Olindiadidae and the Proboscidactylidae, though temporarily in the former and lastingly in the latter, show some close affinity between the two families as also pointed out by WERNER (7), young medusa (8), lip of adult medusa (9) and tentacle of adult medusa (10, 11). 12,13: Isorhizes of adult medusa. 14,15: Macro basic euryteles of young medusa.
Systematic Considerations 97
Among the members of the family Olindiadidae the hydroid stages are known in only 5 genera as follows. Monobrachium parasitum, Gonionemus vertens, Gonionemus oshoro (=G. vert ens?), Craspedacusta sowerbyi, Olindias phosphorica and Eperetmus typus (HAND, 1957; PERKINS, 1903; JOSEPH, 1925; KAKINUMA, 1971; PAYNE, 1924; REISINGER, 1957; WEILL, 1936 and NAGAO, 1969a) . These hydroids are all very small and very simple, without or with only one or four to six filiform tentacles. Of these, hydroids of Gonionemus, Craspedacusta and 0/indias are solitary and the former two have no peridermal sheath. On the other hand, Eperetmus and Monobrachium are colonial, and are equipped more or less with the periderm-like envelope. The solitary forms, Gonionemus and Craspedacusta, are multiplied by producing planula-like buds or frustules. In Olindias only the primary hydroids were reared from the eggs by WEILL (1936) , but regretfully, any asexual reproduction has not yet been known. The gastrozooid of Monobrachium resembles the hydroid of Eperetmus. The number and arrangement of the tentacles and marginal vesicles of the medusoid of Monobrachium coincide precisely with those of the youngest medusae of Eperetmus as pointed out in the previous paper (NAGAO, 1969a) . The hydroid of Monobrachium differentiates dimorphic zooids, and is most specialized in shape among the olindiadiid hydroids. This specialization is presumably due to its commensal life on some living bivalves. The hydroid of Craspedacusta is the simplest, and its shape and developmental cycle are very similar to those of Limnocnida reported by BoUILLON (1957) . UCHIDA (1963) pointed out that the simple shape of the hydroid of Craspedacusta is due to some degeneration in the fresh water life. It seems, however, that the hydroid of Craspedacusta has been adapted well to the fresh water life.
The young medusae newly or recently liberated are known in the following 10 species: Craspedacusta sowerbyi, Cubaia aphrodite, Eperetmus typus, Gonionemus oshoro, Gonionemus vertens, Gomionemus vindobonensis, Gossea corynetes, Olindias sambaquiensis, Olindias singularis and Olindias tenuis (PAYNE, 1924; BouLENGER & FLOWER, 1928; MAYER, 1894; NAGAO, 1969a; KAKINUMA, 1971; PERKINS, 1903; JOSEPH, 1918; cf. RUSSELL, 1953; VANNUCCI, 1951; KRAMP, 1965 and MAYER, 1910) . We can find some common characteristics in these young medusae. Their umbrellas are nearly as high as wide and the exumbrellar nematocysts are usually conspicuous. The marginal tentacles are eight to sixteen in number. Besides the common characteristics mentioned above the young medusae have been differentiated in some way, especially in their tentacles. As described above the tentacles of the youngest medusae of Eperetmus have only one nematocyst cluster at the terminal end. The youngest medusae of Gossea has tentacles similar to those of Eperetmus (cf. RussELL, 1953) . One half of the tentacles in Olindias sambaquiensis and 0. singularis are the same as those in Eperetmus, while the other half have several nematocyst clusters on their shaft (VANNUCCI, 1951; KRAMP, 1965) . On the other hand, all tentacles in Gonionemus, Cubaia and Olindias tenuis have already several nematocyst clusters (PERKINS, 1903; JOSEPH, 1918; KAKINUMA, 1971; MAYER, 1894 MAYER, , 1910 . The tentacles of Gossea have been arranged in 8 groups. Of the morphology of tentacles of the youngest medusae ever known it seems probable that the most primary type is seen in Eperetmus. The two species of 0/indias have partially developed tentacles. Then the most differentiated type is seen in Cubaia and Gonionemus.
While growing, the tentacles and the statocysts gradually increase in number.
The sequence of their development was reported only in three species; Gonionemus murbachii (=G. vertens) by PERKINS (1903), Gonionemus sp. and Scolionema gemifera (=S. suvaense?) by KINOSHITA (1916) . The KINOSHITA's work was very elaborate, but was written in Japanese. In 1929 UCHIDA reproduced the principal part of KINOSHITA's report in English together with his own work on Japanese Olindiadidae. The tentacles increase in number, keeping a cyclic symmetry, in Eperetmus, Gonionemus and Scolionema. In Eperetmus the center of the cyclic symmetry is the interradial tentacle and the sequence shows a typical octantal symmetry. In Gonionemus sp. the interradial tentacles appear at the site slightly right to the interradii when viewed from the oral side, so that the left octant of respective interradial tentacles is larger than the right one. Consequently the tentacles increase more rapidly in number in the left octant than in the right one and the symmetrical pattern is modified from the typical octantal symmetry to the quadrantal symmetry. Scolionema maintained the sequense of its cyclic symmetry substantially and the center of the symmetry is the interradii as in Eperetmus, while some young tentacles of Scolionema develop isochronally in both octants.
The nematocyst surveys throughout the whole life were done in Gonionemus vertens, Gonionemus sp. and Scolionema suvaense by WERNER (1965) and in Eperetmus and Gonionemus oshoro by the author (1969a,b) . The nematocysts of the hydroid and the medusoid of Monobrachium were examined by HAND (1957) and those of the primary hydroid of Olindias phosphorica were reported by WEILL (1936) . In Gonionemus murbachii (=G. vert ens) and Gossea brae hymera the nematocysts of the medusae were reported by WEILL (1934) and by RusSELL (1938) . Those of the hydroid of Craspedacusta sowerbyi were observed by DEJDAR (1934) and WEILL (1934) . All species referred to above have microbasic euryteles commonly. Moreover, the exumbrella of the young medusae of the Olindiadidae seems to have macrobasic euryteles commonly as pointed out above. On the basis of the nematocysts the members of the Olindiadidae are considered to be rather homogenous.
There BROWN 1902 . Of these only Monobrachium lacks free medusan stage and other 11 genera have conspicuous medusan life. As is pointed out above Monobrachium seems to be well adapted to the commensal life. The specialization of the medusae among the members of the Olindiadidae is seen mostly in the tentacles, the tentacle bulbs and the centripetal canals. The most primary type of tentacles is seen in the genus Aglauropsis. In Aglauropsis the tentacles grow evenly around the umbrella margin, and have no adhesive organs. Moreover, MoREIRA and YAMASHITA (1972) pointed out that the gonads of Aglauropsis kawari are continuous to the corners of stomach wall. Tentacles of the type seen in Ag-lauropsis is found in Nuarchus, while Nuarchus has six radial canals. In Eperetmus the arrangement of the tentacles is the same as in Aglauropsis, but the old tentacles of Eperetmus issue at some distance above the umbrellar margin and the centripetal canals have developed between the issuing points of tentacles and the umbrellar margin. In Maeotias true centripetal canals grow, but maintaining the tentacles of the same type as in Aglauropsis. On the other hand, the tentacles of Gossea grow in groups. In Craspedacusta the arrangement of tentacles is similar to that of Aglauropsis, but the nematocyst arrangement on the tentacle differs from that of other genera. The tentacles of the genera mentioned above are composed of one kind without adhesive organs. The genera Vallentinia, Cubaia and Olindias have two kinds of tentacles, one of them has an adhesive organ and the other has only nematocysts rings on its shaft. Of these genera, Vallentinia has no centripetal canal and the tentacles with adhesive organ are only four to eight in number. The tentacles with adhesive organ of Cubaia issue at some distance above the umbrellar margin, and about 20 in number. True centripetal canals are seen in Olindias. In Scolionema and Gonionemus all tentacles have an adhesive organ. In Scolionema the adhesive organs are weakly developed and the statocysts are only 16 in number. Among these medusae, Olindias and Gonionemus have wide range in their distribution, and speciation takes place in them in higher degree; namely Olindias has differentiated into seven species and Gonionemus has three species with some subspecies or varieties. It seems probable to consider that Gonionemus has been highly adapted to the littoral life. On the one hand, Craspedacusta has been well adapted to the fresh water life, and has been distributed all over the world. From the above-given facts a possible figure of the differentiation of the genera of the family Olindiadidae is presented tentatively as follows. For more reasonable considerations on the differentiation of the Olindiadidae further studies of the life history in many other genera will be required. Summary 1. The hydroid of an olindiadiid medusa, Eperetmus typus, grows to a small colony on empty shells in Akkeshi Bay. The hydroid is very small, and has only one filiform tentacle.
2. The young medusae newly liberated from the hydroid have 16 tentacles, 4 marginal vesicles, but no centripetal canals.
3. The tentacles and the marginal vesicles increase in number maintaining a cyclic symmetry in each quadrant. The umbrella becomes flattened with age. The gonadal rudiments appear at about the lOth tentacle's stage. The young gonads grow along the radial canals, and are gradually thickened. The characteristic centripetal canals develop gradually with the upward shift of the issuing points of tentacles, after about the 13th tentacle's stage. 4. In Akkeshi Bay the young medusae recently liberated occur from May to July. The spawning takes place mostly in September and spent medusae die out in November.
5. The constitution of nematocysts differs in respective life stages; the young medusae have macrobasic euryteles on their exumbrella.
6. The systematic considerations on the members of the family Olindiadidae are made on the basis of the life cycle, the nematocysts and the tentacles of grown medusae.
